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(54) METHOD AND APPARATUS FOR ON-THE-SPOT DIAGNOSIS OF DEGRADATION OF WIRE 
CABLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make it possible to diagnose 
the state of the degradation of a laid cable by a method wherein 
a sheath material on the laid cable is irradiated with light, elastic 
waves which are propagated in the sheath material are detected 
and a detected result is analyzed. 

SOLUTION: A sheath material 8 on a cable 1 is irradiated with 
single or intermittent light 2 at a short cycle, its heating operation 
and its cooling operation are repeated locally, and elastic waves 
3 are generated so as to be propagated in the sheath material 8. 
The elastic waves are detected by a sensor 4, their waveform is 
amplified and shaped by a detecting device 6, and the waveform 
is analyzed by an analytical device 7. Since the elastic waves 3 
are changed due to the state of the degradation of the sheath 
material 8, the state of the sheath material is known by the state, 

and the degradation of the cable 1 is diagnosed. The degradation of the cable 1 is compared with the 
initial characteristic of the elastic waves at the sheath material 8 before its degradation, and the 
degradation can be diagnosed. By this method, the state of the degradation of the cable 1 can be 
diagnosed nondestructive^, and the method is useful for the maintenance and the inspection of the 

...cable....!. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3, In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an electric-wire cable (henceforth a cable), and the degradation 
diagnostic equipment for performing the spot diagnostic approach of effective cable degradation, and this especially to 
a low-battery cable. 
[0002] 

[Description of the Prior Art] The degradation diagnosis for preventing a dielectric breakdown accident etc. beforehand 
to the cable for power especially also in a cable may be performed. In the degradation diagnosis of a cable, diagnosing 
the degradation condition of a cable with a sufficient precision using the electric approach of measuring the leakage 
current using an electrical potential difference being high has already been performed with the high-tension cable. 
[0003] 

[Problem(s) to be Solved by the Invention] Since the electrical potential difference is low, and a low-tension cable 
measures the leakage current like a high-tension cable, it cannot judge degradation of a cable. Then, in the degradation 
diagnostic approach of a low-tension cable, many approaches, such as a dielectric dissipation factor and a potential 
vibration decay method, are proposed as the electric approaches, such as thermogravimetric analysis, as the chemical 
approaches, such as surface hardness, an optoacoustic method, and torque of torsion, as a physical method. 
[0004] however, such an approach is an approach which cannot be used in the site where it is the approach of 
destroying an ingredient, or the cable is attached actually - etc. - the actual condition is that the approach is not yet 
established as a spot degradation diagnosis of a cable. 

[0005] For example, a surfacial hardness test is the approach of making the scale of degradation stress when standing a 
needle to a cable and applying the force to it, and is the detection approach based on hardening by degradation of cable 
covering material. However, this approach may cause [ of the crack in cable covering material ] generating by the 
measurement act, when the precision of dispersion and degradation assessment has low measured value and 
degradation of a cable is advancing by the difference in an operating personnel etc. 

[0006] Moreover, an optoacoustic method hits a periodic chopped light to cable covering material, and covering 
material absorbs light, it is heated locally, and a compressional wave, i.e., an acoustic wave, produces it into a gas by 
telling this heat to a surrounding gas from covering material. It is 10,000 law which detects this with a high sensitivity 
microphone. However, as for this approach, a difference needs to exist in the transfer rate and the amount of transfer of 
heat from an ingredient to a surrounding gas with extent of degradation of an ingredient. However, in polymeric 
materials, since there are very few these differences, degradation of polymeric materials is undetectable with an 
optoacoustic method. However, when the light of specific wavelength related to degradation is irradiated and an 
ingredient is made to absorb also by this approach, degradation detection of an ingredient is possible. However, this 
wavelength is ultraviolet radiation and one far-infrared wave, and is difficult for the light source's becoming large-sized 
and considering as a spot measuring device. 

[0007] Furthermore, a heat gravimetric method is the approach of making the scale of degradation weight change of the 
cable covering material by degradation again. For example, since change of the molecular structure according [ the Pori 
chlorination PEMIRU resin which is one of the covering material ] to lowering of molecular weight or 
dehydrochlorination by degradation breaks out and a plasticizer also vaporizes, weight decreases. This weight reduction 
is measured and degradation is diagnosed, however, in order to diagnose degradation in a certain amount of precision, 
this approach has the little shaving **** need in an ingredient, in order to obtain that an object ingredient is limited to a 
polyvinyl chloride, and a test portion, and is a destructive approach - etc. - there is a fault. 

[0008] Then, this invention is to offer the spot degradation diagnostic equipment which can offer the new degradation 
http ://www4 . i pdl .j po. go.j p/cgi -bin/tran_web_cgi_ej j e 3/21 /04 
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diagnostic approach that a cable at large especially and a low-tension cable are desirable, and can be used suitable for 

operation of the degradation diagnostic approach. 

[0009] 

[Means for Solving the Problem] this invention persons found out that quantitive relation between this and mechanical 
degradation of an ingredient was for the first time paying attention to change of the elastic wave in the ingredient which 
irradiates light and generates degradation of the polymeric materials used for a cable, and completed this invention. 
[0010] That is, the degradation diagnostic approach and equipment of a cable of this invention have the following 
descriptions. 

[001 1] (1) It is the degradation diagnostic approach of the cable characterized by diagnosing the degradation condition 
of a cable on that spot by irradiating light at the covering material of an attachment cable, detecting an oscillation 
(elastic wave) of the elastic body transmitted in the inside of covering material by the sensor, and analyzing this 
detected result. 

[0012] (2) Covering material is the degradation diagnostic approach of the cable the above-mentioned (1) publication 
which is polymeric materials. 

[0013] (3) light - an exposure - single shot - pulsed light - or - predetermined - a period - having waited - a 
chopped light - ** - carrying out light - wavelength - ultraviolet radiation - the light - near-infrared - light - 
infrared light - far-infrared rays - light » inside - specification - wavelength - light ~ or being broad - 
wavelength - a spectrum ~ having had - light - it is -- the above - (-- one --) - a publication - a cable degradation 
- a diagnosis an approach - it is . However, it depends for the period and reinforcement of a chopped light on the 
thermal conductivity and hardness of covering material of a cable to investigate. That is, it considers as the period and 
reinforcement which are detected by the sensor as an elastic wave. 

[0014] (4) A sensor can detect the elastic wave of polymeric materials and is the degradation diagnostic approach of the 
cable the above-mentioned (1) publication which are a supersonic sensor, a polycrystal ceramic sensor, etc. 
[0015] (5) an elastic wave - detecting - the description --****♦* - an elastic wave - an ingredient - degradation - 
depending - a wave (the amplitude, wavelength, form of a wave) - change - an elastic wave - an ingredient - 
degradation - depending - propagation velocity - change ~ an elastic wave - an ingredient - degradation - 
depending a reflected wave - change - using - the above -- (-- one -) - a publication - a cable - degradation - a 
diagnosis — an approach - it is . 

[0016] (6) It is the degradation diagnostic approach of a cable the above (1) which integrates the result of change of the 
detected description 1 time or many times, or given in (5). Moreover, the degradation diagnostic equipment of the cable 
of this invention has the following descriptions. 

[0017] (7) It is the spot degradation diagnostic equipment of the cable which has the light source and has the 
description to elastic above-mentioned [ which has the detection equipment which amplifies the sensor and the wave 
which detects him, and is operated orthopedically, and analysis equipment which integrates or analyzes the 
measurement data which detected in the list ] (1) - in the irradiation equipment which may irradiate a single-engined or 
intermittent light, and cable covering material (6) in cable covering material. 

[0018] The "cable" as used in the field of this invention is the generic name of the insulated wire which do not ask 

****** the object for power, the object for power distribution, for a communication link, etc. 

[0019] 

[Embodiment of the Invention] Drawing 1 is drawing showing an example of the operation gestalt of the degradation 
diagnostic approach of this invention. The degradation diagnostic approach of this invention irradiates the single- 
engined or intermittent light 2 at the covering material a of a cable 1, makes an elastic wave 3 produce in covering 
material, and detects this wave by the sensor 4. Since this wave changes in connection with the condition of 
degradation of covering material, the condition of covering material is got to know and degradation of a cable is 
diagnosed. 5 is the light source and, in the case of a chopped light, it has the function which controls the period. 
Detection equipments, such as magnification of a wave [ 6 ] and plastic surgery, and 7 are analysis equipment. 
[0020] If light with the thin diameter phi of several mm absorbed by the ingredient is irradiated intermittently a short 
period at an ingredient, since the part by which light was irradiated will be heated locally or will radiate heat, this 
repeats expansion and contraction. It becomes an elastic wave, and this serves as a transverse wave and a longitudinal 
wave, and spreads the inside of an ingredient. This is detected and analyzed by the sensor and the principle of this 
approach gets to know the condition of an ingredient. In this invention, this approach is applied to a diagnosis of the 
degradation condition of the covering material of a cable. 

[0021] Especially when the covering material of a cable is polymeric materials, change of the property of the elastic 
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vyave accompanying degradation of covering material is clear, and is the object of the diagnosis from which the 
degradation diagnostics of this invention becomes the most useful. The case where it considers as the object of a 
diagnosis of what the covering material of a cable becomes from polymeric materials hereafter is explained. 
[0022] The degradation diagnostic approach of the cable by this invention is the approach of judging paying attention 
to a crack minute on a covering material front face in the degree of hardness of covering material and whenever 
[ oxidation ] changing occurring according to progress of degradation of the covering material which should be 
diagnosed. These change produces change in the wave (the amplitude, wavelength, form of a wave) of the elastic wave 
of the transverse wave transmitted in the covering material front face generated by optical exposure, or the interior, or a 
longitudinal wave, propagation velocity, and a reflected wave. This is detected and analyzed by the sensor and the 
degradation condition of a cable is diagnosed. 

[0023] Cable covering material is usually black and the light used from this is good with the light of the specific 
wavelength in ultraviolet radiation, the light, near-infrared light, infrared light, and far-infrared light, or light with the 
spectrum of broad wavelength. Therefore, the light source may emit the light of specific wavelength like the light 
source like general halogen RAMBU, laser, or light emitting diode. 

[0024] The exposure of light is made into single-engined pulsed light or the chopped light which waited for the 
predetermined period, and it depends for the period and reinforcement of a chopped light on the thermal conductivity 
and hardness of covering material of a cable to investigate. That is, it considers as the thing of the period detected by 
the sensor as an elastic wave, or reinforcement. 

[0025] Degradation of a cable can be diagnosed by comparing with the initial property (initial value) of the elastic 
wave of the covering material before degradation etc. Especially how to take initial value produces the approach of 
measuring beforehand in the condition of having not deteriorated before the attachment of a cable, and the sheet-like 
sample of the same ingredient as cable covering material, although not limited, and the approach of measuring it is 
raised. Moreover, degradation of the insulating material inside cable covering material can know degradation of an 
insulating material by getting to know degradation of covering material, if it asks for the degradation relation between 
cable covering material and an insulating material using the acceleration deteriorating method beforehand. 
[0026] A sensor can detect the elastic wave of polymeric materials and uses a supersonic sensor, a polycrystal ceramic 
sensor, etc. It shall be easy to analyze the acquired wave through wave amplifier or a waveform shaper. Moreover, 
when a wave is small, the detected property data are integrated many times, and change of the description is made clear 
and analyzed. Especially degradation of a cable advances under existence of a radiation, heat, and light. The diagnostic 
approach of this invention is useful especially although the degradation condition of the cable used on a nuclear power 
plant, a thermal power station, the outdoors, etc. is diagnosed by un-destroying. 

[0027] An example of the elastic wave property of cable covering material is shown in drawing 2 . This compares the 
elastic wave signal when irradiating a single-engined light with a polyvinyl chloride by the non-deteriorated sample and 
the sample which deteriorated. A far big elastic wave signal can be caught to the direction of the sample which 
deteriorated, moreover, the direction of the sample which deteriorated - elasticity - his propagation velocity is early. 
This is because the polyvinyl chloride hardened by degradation. 

[0028] Desirable equipment is explained to operation of the degradation diagnostics of the cable of this invention. As 
shown in drawin g 3 , the degradation diagnostic equipment by this invention connects the detection equipment 6 which 
carries out wave-like magnification with this another, and plastic surgery for what made one the light source 5 which 
irradiates light, and a sensor (BURIAMBU is included) 4 like drawing 3 (A), analysis equipment 7, and the power 
source 8 of the light source to what was made into one, and is constituted. Or the light source 5 is made into the 
detection equipment 6 which carries out wave-like magnification and plastic surgery, analysis equipment 7 and the 
light source power source 8, and one like drawing 3 (B), light is drawn with an optical fiber, and there is a thing of the 
structure which makes the point and sensor 4 of an optical fiber one, and was easy to measure the attached cable. 
[0029] Moreover, in the degradation diagnostic equipment shown in drawing 3 (A) and (B), the light from the light 
source is irradiated at a cable, and in order to ask for change of the propagation velocity of the elastic wave generated 
there, accuracy can be asked for the propagation velocity of the generated elastic wave by installing a trigger in the 
light source 5 and detection equipment 6, and giving a signal simultaneously to the light source and detection 
equipment. 
[0030] 

[Example] Hereafter, an example is given and this invention is shown concretely. 
[0031] 

[Example 1] In this example, the configuration of drawing 3 (A) performed the degradation diagnosis of a low-tension 
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cable. The poly crystal ceramic system sensor was used as a sensor, using the wavelength of 1064nm, and the laser light 
of output 100m J as the light source. After letting an amplifier pass for the signal of a sensor, the wave was recorded 
with the storage mold oscilloscope. 

[0032] 123 degrees C and the thing of 200 hours which carried out acceleration heat deterioration were used for the 
polyvinyl chloride resin usually used as cable covering material as a sample. The elongation of a degradation sample of 
the elongation of a non-deteriorated sample was 1 10% 247%. The wave of the elastic wave after irradiating a single- 
engined light at each sample is shown in drawing 4 . Moreover, the relation between lowering of the elongation of a 
polyvinyl chloride and the wave-like height of an elastic wave is shown in drawing 5 . This relation shows that 
degradation of this covering material can be diagnosed. 
[0033] 

[Example 2] With the same configuration as an example 1, the trigger was attached to this, the signal was 
simultaneously given to the light source and an OSSHI loss cove, and the rate of an elastic wave was measured. The 
sample degraded this with a radiation and heat in the same polyvinyl chloride resin as the above. Elongation was 70% 
in gamma (gamma) line 6kGy, the temperature of 132 degrees C, and acceleration degradation of 170 hours. The speed 
from which the elastic wave at this time is transmitted is shown in a table 1. The degradation sample of this speed is 
larger, and it can diagnose degradation of covering material from this value. 
[0034] 
[A table 1] 
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[0035] 

[Comparative Example(s)] The sound wave of the degradation sample of an example 1 was measured using the 
optoacoustic method measuring device (made in [ S tee Japan ] and MTEC model 300 mold). Using a high sensitivity 
microphone as a sensor, the inside of a measurement eel made it into air, and that from which the heat which got across 
to the sample was transmitted to air, and became an acoustic signal was caught. Although the light source same as the 
light source as an example 1 was used, the output was set to about 20mW and it considered as single-engined light and 
a chopped light. Although the non-deteriorated sample and the degradation sample (1 10% of elongation) were 
measured as a sample, as shown in drawing 6 , a sound wave is completely the same and is changeless. It is shown that 
the heat with which this is told to air by the non-deteriorated sample and the degradation sample is almost the same. 
Therefore, in such an optoacoustic method, it turns out that a degradation diagnosis of a cable cannot be performed 
[0036] 

[Effect of the Invention] The degradation diagnostics by this invention can diagnose the condition of degradation of a 
cable by un-destroying, and is useful to maintenance and inspection of a cable. The degradation diagnostics by this 
invention is applicable to all cables. It is used suitable for a cable 2kV or less, and becomes the diagnostic approach 
useful to the low-tension cable not more than 600V which the specific diagnostic approach has not established 
especially. Moreover, it becomes useful at a degradation diagnosis of the cable used in the cable put on the bottoms of a 
radiation environment, such as a nuclear power plant, the cable set under a hot environment, or a thermal power station. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The degradation diagnostic approach of the cable characterized by diagnosing the degradation condition of a 
cable on that spot by irradiating light at the covering material of an electric-wire cable, detecting an oscillation (elastic 
wave) of the elastic body transmitted in the inside of covering material by the sensor, and analyzing this detected result. 

[Claim 2] The degradation diagnostic approach of a cable according to claim 1 that covering material is polymeric 
materials. 

[Claim 3] Exposure light is the degradation diagnostic approach of the cable according to claim 1 characterized by 
being single-engined pulsed light or a chopped light with a predetermined period, and for the wavelength being the 
thing of the specific wavelength in ultraviolet radiation, the light, near-infrared light, infrared light, and far-infrared 
light, or being light with the spectrum of broad wavelength. 

[Claim 4] that for which the period and reinforcement of a chopped light depend on the thermal conductivity and 
hardness of covering material of the cable to investigate - it is - a sensor - elasticity - the degradation diagnostic 
approach of the cable according to claim 3 characterized by being the thing of a period or reinforcement detected as 
him. 

[Claim 5] The degradation diagnostic approach of a cable according to claim 1 that a sensor is a supersonic sensor, a 
polycrystal ceramic sensor, etc. which can detect the elastic wave of polymeric materials. 
[Claim 6] The degradation diagnostic approach of the cable according to claim 1 characterized by detection of an 
elastic wave being due to change of the reflected wave by the wave-like (the amplitude, wavelength, form of a wave) 
change by ingredient degradation of an elastic wave, change of the propagation velocity by ingredient degradation of an 
elastic wave, and ingredient degradation of an elastic wave. 

[Claim 7] The degradation diagnostic approach of the cable according to claim 1 characterized by integrating the result 
of said detected change 1 time or many times. 

[Claim 8] Degradation diagnostic equipment of the cable which equipped the light source and cable covering material 
with the analysis equipment which integrates or analyzes the measurement data which amplifies the irradiation 
equipment which irradiates a single-engined or intermittent light, the sensor which detects the elastic wave in cable 
covering material, and a wave, and is operated orthopedically, and which and was detected. [ detection ] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram showing an example of the operation gestalt of a degradation diagnosis of this 
invention. 

[Drawing 2] It is drawing having compared and shown the elastic wave signal of cable covering material by the non- 
deteriorated sample and the degradation sample. 

Prawing 3] It is drawing showing the degradation diagnostic equipment concerning this invention. 

Prawing 4] It is drawing showing the difference in the Koichi elastic wave signal wave form in the non-deteriorated 

sample and degradation sample of a polyvinyl chloride. 

[Drawing 5] It is drawing showing the wave height of the elastic liquid of a polyvinyl chloride and the relation of 
elongation by degradation. 

[Drawing 6] It is drawing showing the sound wave by the Koichi sound method in the non-deteriorated sample and 
degradation sample of a polyvinyl chloride. 
[Description of Notations] 

1: A cable, 2:light, 3:elastic wave, 4:sensor, 5:light source, 6:detection equipment, 7:analysis equipment, 8 ; light 
source power source. 
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[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 5] 
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[Drawing 6] 
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